Simple recursion relations for zero energy states of supersymmetric matrix models are derived by using an unconventional reducible representation for the fermionic degrees of freedom.
The model
The supercharges of the model under consideration,
with {θ αA , θ βB } = 2δ αβ δ AB ,
satisfy the supersymmetry algebra
where H = −∆ + V + 
and
As each of the Q β squares to H on gauge-invariant states Ψ, i.e. when J A Ψ = 0 (A = 1, . . . , N 2 − 1 in the case of SU(N )), it is convenient to sometimes suppress the index β (which, corresponding to the dimensions of the real representations for the γ's, takes s d = 2(d − 1) different values iff d = 2, 3, 5 or 9).
with 2Λ := s d (N 2 − 1) (the total number of fermionic degrees of freedom), and choosing γ d to be diagonal, it immediately follows from (3) and
that the differential operators D a (β = β ′ ) satisfy
and the ± sign corresponds to
2 , say, and
2 Recursive solution in the left-action representation
Consider the (reducible) representation of (2) in which the θs act by multiplication from the left on the Clifford algebra they generate, i.e. on the vector space P of polynomials
where the coefficients ψ a1...a k are totally antisymmetric in their indices. The (graded) Hilbert space of the model,
The dimension of this representation (dim P = 2 2Λ ) is vastly greater than that of the irreducible one, but it is completely reducible -breaking up blockdiagonally into the direct sum of 2 Λ copies of the irreducible one. Hence, any non-trivial solution of HΨ = 0 in H would imply the existence of a zero-energy state in the Hilbert spaceĤ corresponding to the conventional irreducible representation.
Letting Q β act on H + (the even-grade part of H ), Q β Ψ = 0 amounts to
1 One can define the scalar product in H e.g. by Φ, Ψ = R Φ * rev Ψ 0 , where (·)rev denotes reversion of the order of θs, (·) * complex conjugation, and · 0 projection onto grade 0 in P.
2 Cp. [1] for the corresponding irreducible (but manifest SO(d)-invariance breaking) formulation.
i.e.
Acting on (13) with D a and summing over a gives (−∆ + V ± 2q dC L C )ψ a1...a 2k for the first term, and 
using (12) k→k−1 ; so
where the last antisymmetrized expression again equals
The terms containing the bosonic L A and fermionic S A can either be shown to cancel using the assumption J A Ψ = 0, or one simply adds the equations resulting for β ≤ s d /2 to the ones resulting for β > s d /2. In any case, what one can also obtain this way are of course the equations that result by considering HΨ = 0 directly:
Their recursive solution could proceed as follows: The lowest-grade equation
Using (17) to replace ψ in (16) k=1 , . . ., respectively ψ a3...a 2k in (16) k via the analogue of (17),
(16) takes the form
with H 2k only acting on Ψ 2k ∈ H 2k . This procedure is based on the fact that H 0 = −∆ + V is invertible and the assumption that this also holds for highergrade H 2k on H 2k .
Recursion relations in a diagonalizing basis
Note that
gives the set of equations 
These equations can be simplified by performing a (pointwise) diagonalization W = U DU −1 , where
Corresponding to changing to the space-dependent (non-hermitian) fermion basisθ
which diagonalizes the fermionic part of the hamiltonian,
one could introduceψã
i.e. substitute
in all equations, and then use
to simplify the recursion relations. Using that
one finds, e.g.
withH being unitarily equivalent to H,
The second equation in (22) thus takes a form in which the effective operator on the left hand side becomes (H 2 )ã 1ã2,c1c2 = (H B )ã 1ã2 ,c1c2 + (λã 2 − λã 1 )δã 1c1 δã 2c2
Note that (H B )ã 1ã2,c1c2 =Tã 1ã2,c1c2 + V δã 1c1 δã 2c2 is unitarily equivalent to (T + V )δã 1c1 δã 2c2 (and it may be advantageous to choose a non-canonical representation of the momentum operators p tA = p a in T = p a p a , to simplifyT ). The second term is the analogue of the λ∂ λ -part of the corresponding H 0 in the space-independent fermions approach (see e.g. [1] ), while the third term exclusively acts between particle-hole pairs, asθ c+Λ =θ † c (this feature, including the particle-hole observation, holds also for the higher k equations (16)).
